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Proteinase 3 cleavage site (within 60 min)
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APPLICATION OF N-TERMINOMICS TO
NETOSIS IN INFLAMMATION

PRIORITY CLAIM

The present application claims benefit of priority to U.S.
Provisional Application Ser. No. 61/799,658, filed Mar. 15,
2013, the entire contents of which are hereby incorporated
by reference.

FIELD

The present application relates to Neutrophil Extracellular
Traps, also referred to as NET(s).

BACKGROUND

Neutrophils are the most abundant leukocytes 1n plasma.
They are the first cells recruited to injury sites 1n response to
pathogen invasion, and they act in the first line of innate
immune defense. Neutrophils have traditionally been con-
sidered eflector cells for mnflammatory response and acute
immunity, functioning through intracellular phagocytosis,
and using lytic proteases, reactive oxygen species (ROS)
and microbicidal proteins for attack of infective agents.
Recent studies have shown that neutrophils also possess
immunoregulatory capacity by expressing cytokines,
chemokines, Fc receptors and complement components, for
signaling with other immune cells, such as dendritic cells, B

cells and T cells (Mantovani, Cassatella et al. 2011).
Proteases are important effectors of neutrophils. They not
only contribute directly to microbicidal activity but also

function 1n the proteolytic processing of chemokines, cytok-
ines and receptors (Pham 2006; Meyer-Hoflert and Wiedow
2010). This modulatory activity 1s exemplified by the cas-
pase-independent activation of IL-1{3 and IL-18 by NE, PR3
and CG (Robertson, Young et al. 2006; Guma, Ronacher et
al. 2009; Joosten, Netea et al. 2009) or the conversion of
anti-inflammatory progranulin to pro-intlammatory granulin
by NE and PR3 (Kenssenbrock, 2008). Furthermore, NE has
been shown to couple neutrophil-mediated nflammation
with the coagulation pathway by cleaving tissue factor
pathway inhibitor on Neutrophil Extracellular Traps (NETs).

NETs are released by stimulated neutrophils 1n a specific
form of cell death called NETosis. NETosis 1s hypothesized
to represent a new mechamsm of innate immunity mediated
by neutrophils 1n response to pathogen invasion (Brink-
mann, Reichard et al. 2004; Remijsen, Kuijpers et al. 2011).
It 1s characterized by the formation of NETs, networks made
of decondensed chromatin and anti-microbial proteins and
peptides. NETosis, acting at the first line of innate immune
defense, represents a new paradigm of cell death that i1s
distinct from apoptosis and necrosis 1n many aspects. No
nuclear fragmentation or membrane blebbing are observed,
and activation 1s mdependent of caspase activation, yet 1t
does require NADPH oxidase and MAPK kinase pathways.
NETosis also involves activities of NE, myeloperoxidase,
and peptidylarginine deiminase 4, an enzyme responsible for
histone citrullination and chromatin decondensation (Wang,
L1 et al. 2009; Papayannopoulos, Metzler et al. 2010). The
primary function of NETs 1s hypothesized to trap and kall
pathogens. In addition, it also provides a matrix for high
local concentrations of eflectors and mediators for the
ensuing innate and adaptive immune responses. Previous

proteomic studies of NET components 1dentified three major
proteases, namely neutrophil NE, CG and PR3 (Urban,
Ermert et al. 2009).
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In order to characterize NET-associated proteolytic activi-
ties 1n an unbiased manner, proteins trapped 1n NETs were

released and assayed with the Multiplex Substrate Profiling
by Mass Spectrometry (MSP-MS) method (O’Donoghue et

al., 2012). This method utilizes a library of 124 highly

diversified peptides 1n a multiplex assay with tandem liquid
chromatography-mass spectrometry for detection of cleav-
age sites. Using the MSP-MS assay, the contribution of each
enzyme 1n the complex NETosis sample was deconvoluted
by comparison with substrate specificity profiles from puri-
fied human neutrophil proteases. In addition, the non-prime
side substrate specificity of NE, CG, PR3 and NSP4 was
investigated using a tetrapeptide fluorescent substrate
library. Reported here 1s the first complete study, to the
inventors” knowledge, that compares the extended substrate
specificity of NE, PR3, CG and NSP4 1n parallel under
identical conditions. Through the analysis of NET-associ-
ated protease mixtures from three independent healthy
donors, the major activity could be attributed to NE. Immu-
nodepletion of NE activity revealed contributing activity
from PR3 and to a lesser extent CQG, as well as a trace of
NSP4 activity. Identitying the substrate specificity and the
contribution of each NFET-associated protease to overall
NET-associated activity could lead to the development of
improved therapeutic intervention for pathological NETosis
in acute and chronic immune diseases.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specifi-
cation and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of specific
embodiments presented herein.

FIG. 1 depicts graphs showing the comparison of the
non-prime side specificity of Neutrophil Serine Proteases
(top row: Cathepsin G (100 nM), middle row: Proteinase 3
(50 nM), bottom row: Elastase (50 nM)).

FIG. 2 shows a comparison of the extended substrate
specificity of Neutrophil Serine Proteases.

FIG. 3 shows the 1dentification of a fluorescent substrate
to simultaneously monitor Elastase (ELA), Protemnase 3
(PR3) and Cathepsin G (CG) cleavage and use of this
substrate to determine the total proteolysis in donor neutro-
phils.

FIG. 4 1s a comparison of the proteolytic profile of NETs
and immunodepletion of the major activity.

FIG. 5 shows Elastase cleavage sites and those 1t shares
with Cathepsin G and Proteinase 3.

FIG. 6 shows Proteimnase 3 cleavage sites and those it
shares with FElastase and Cathepsin G.

FIG. 7 shows Cathepsin G cleavage sites and those it
shares with Elastase and Proteinase 3.

FIG. 8 shows protease cleavage sites ifrom NETosis
donors.

FIG. 9 shows cleavage sites of Flastase, Proteinase 3,
Cathepsin G, neutrophil secreted protein 4, and protease
cleavage results from NETosis donors.

SUMMARY

Provided herein are protein biomarkers for NETosis
related diseases. In some embodiments, such biomarkers are

proteases, including for example neutrophil elastase (NE),
cathepsin G (CG), protemmase 3 (PR3) and neutrophil

secreted protein 4 (NSP4).
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Also provided are substrate sequences for which neutro-
phil elastase (NE), cathepsin G (CG), proteinase 3 (PR3) and

neutrophil secreted protein 4 (NSP4) recognize and/or
cleave.

In some embodiments, the substrate sequences can be
used to develop probes or inhibitors of such proteases.
Further, such substrate sequences can be used to develop
cleavage sites 1n polypeptides where cleavage 1s desired 1n
a NETosis related disease.

Thus, there 1s provided a method for 1dentitying a subject
having a NETosis-related intlammatory condition, wherein
NETosis 1s Neutrophil cell death forming Extracellular
Traps, comprising (a) obtaiming information on NET-asso-
ciated protease content from a sample from the subject; (b)
comparing the level of NET-associated protease content
with that of a comparable sample from a healthy subject, and
(¢) 1dentitying the subject as having a NETosis-related
inflammatory condition when the NET-associated protease
content of the sample 1s greater than that of the comparable
sample from the healthy subject.

The sample may be a blood sample. The protease may be
selected from the group consisting of neutrophil elastase
(NE), cathepsin G (CG), proteinase 3 (PR3), and neutrophil
secreted protein 4 (NSP4). The method may further com-
prise treating the NETosis-related inflammatory condition,
such as infection, systemic lupus erythematosus, rheumatoid
arthritis, cystic fibrosis, deep vein thrombosis, pre-eclamp-
s1a, periodontitis, appendicitis, tuberculosis, and Crohn’s
disease. Treating may comprise administering to the subject
a protease inhibitor. The protease inhibitor may inhibit
cleavage of peptide substrate comprising a sequence set
forth in FIGS. 4-9. Treating may also comprise administer-
ing to the subject a steroid or non-steroidal anti-inflamma-
tory drug, or an antibiotic. The subject may be a human or
a non-human mammal.

The method may also comprise obtaining information
comprises obtaining a sample from the subject, such as by
performing protease content assessment on the sample. The
assessment may be by enzyme-linked immunosorbent assay
(ELISA), mass spectrometry, chromatography, electropho-
resis, radioimmunoassay, flow cytometry, fluorescence acti-
vated cell sorting (FACS), or western blotting. The protease
content difference between the sample and the comparable
sample 15 +10%, +20%, +25%, +30%, +40%, +50%, +75%
or +100%.

It 1s contemplated that any method or composition
described herein can be implemented with respect to any
other method or composition described herein. These, and
other, embodiments of the invention will be better appreci-
ated and understood when considered 1n conjunction with
the following description and the accompanying drawings. It
should be understood, however, that the following descrip-
tion, while 1ndicating various embodiments of the invention
and numerous specific details thereof, 1s given by way of
illustration and not of limitation. Many substitutions, modi-
fications, additions and/or rearrangements may be made
within the scope of the mvention without departing from the
spirit thereof, and the mvention includes all such substitu-
tions, modifications, additions and/or rearrangements.

DETAILED DESCRIPTION

It 1s to be understood that this disclosure 1s not limited to
the particular methodology, protocols, cell lines, animal
species or genera, constructs, and reagents described and as
such may vary. It 1s also to be understood that the termi-
nology used herein 1s for the purpose of describing particular
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embodiments only, and 1s not intended to limit the scope of
the present disclosure which will be limited only by the
appended claims.

It must be noted that as used herein and in the appended
claims, the singular forms “a,” “and,” and “the” include
plural reference unless the context clearly dictates other-
wise. Thus, for example, reference to “a protease” 1s a
reference to one or more proteases and includes equivalents
thereof known to those skilled in the art, and so forth.

As used herein, the term “about” refers to +/-10% of the
unit value provided. As used herein, the term *“‘substantially™
refers to the qualitative condition of exhibiting a total or
approximate degree of a characteristic or property of inter-
est. One of ordinary skill in the biological arts will under-
stand that biological and chemical phenomena rarely, 11 ever,
achieve or avoid an absolute result because of the many
variables that affect testing, production, and storage of
biological and chemical compositions and materials, and
because of the inherent error 1n the mstruments and equip-
ment used 1n the testing, production, and storage of biologi-
cal and chemical compositions and materials. The term
substantially 1s therefore used herein to capture the potential
lack of completeness inherent 1n many biological and chemi-
cal phenomena.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
invention belongs. Although any methods, devices, and
materials similar or equivalent to those described herein can
be used in the practice or testing of the invention, the
preferred methods, devices and materials are now described.

All publications and patents mentioned herein are hereby
incorporated herein by reference for the purpose of describ-
ing and disclosing, for example, the constructs and meth-
odologies that are described in the publications which might
be used in connection with the presently described embodi-
ments. The publications discussed above and throughout the
text are provided solely for their disclosure prior to the filing
date of the present application. Nothing herein 1s to be
construed as an admission that the inventors are not entitled
to antedate such disclosure by virtue of prior invention.

Serine proteases are important eflectors of neutrophil-
mediated 1mmunity, which functions at the front line of
innate i1mmune response. Neutrophil serine proteases func-
tion directly by degrading pathogenic virulent factors and
indirectly via processing of their substrates, including cytok-
ines, chemokines and receptors. Proteases also are predicted
to be mmportant eflectors in NETosis, a novel form of
neutrophil cell death. NETosis 1s hypothesized to be an
extracellular defense mechanism utilized by neutrophils to
ensnare and kill invading pathogen. These Neutrophil Extra-
cellular Traps (NETs) consist of a host of antimicrobial
molecules embedded 1n a web of extracellular DNA.

Here, reported 1s the global profiling of NET-associated
proteases using unbiased peptide libraries as substrates as
shown 1n FIGS. 5-9. In these peptide-based assays, neutro-
phil elastase (NE), cathepsin G (CG), proteinase 3 (PR3) and
neutrophil secreted protein 4 (NSP4) had overlapping yet
distinct endopeptidase activities and often cleaved at unique
sites within the same peptide substrate. The dominant pro-
teolytic activity in NETs was attributed to NE, however
cleavage sites corresponding to CG and PR3 activity were
evident. When NE was immunodepleted, the remaining
activity was attributed to CG and to a lesser extent PR3 and
NSP4. Thus, blocking NE activity would abrogate the major
protease activity associated with NETs. In addition, the
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newly i1dentified substrate specificity signatures can be used
to design more specific probes and inhibitors that target
NET-associated proteases.

It was determined that the substrate specificity of four
neutrophil serine proteases, NE, PR3, CG and NSP4, using
two distinct yet complementary peptide-based substrate

libraries, namely PS-SCL and MSP-MS. It was observed
that the preferred and non-preferred amino acids 1n the Pl

[ 1

position correlated strongly between each method while NE
and PR3 had strong correlation at multiple sites. CG 1s likely
to be an example of a protease that 1s incompletely profiled
by the PS-SCL method, despite the approximately 100-fold
greater sequence diversity i the PS-SCL versus MSP-MS
libraries. By design, the activity of CG may require P2

occupancy or it may be adversely atlected by the fluorescent
ACC group 1n P1".

Previously, PICS has been utilized to generate extended
substrate specificity profiles of NE, CG and NSP4 (Schilling
& Overall 2008; Perera 2012) but not PR3. In these studies,
proteome derived peptides were used as the substrate library
and cleavage by the neutrophil serine proteases was moni-
tored by mass spectrometry. As was observed for the PS-
SCL method, the P1 substrate profiles of each enzyme
showed very strong correlation with the inventors” MSP-MS
data and 1s therefore likely that most of the substrate
selectivity for this class of enzymes occurs at this subsite. In
addition, 1t was determined that the S2' site of NE and CG
may be important for substrate recognition as these sites
correlate strongly between methods. Fluorescent substrates
that are selective for each neutrophil serine protease can be
developed. These substrates were designed from sequences
derived from the reactive loop of a serpin, crystallographic
data or positional scanning (Polanowska, 1998; Hayjar, J
Med Chem 2006; Wysocka 2012). Accordingly, selective
substrates 1dentified can be utilized to develop substrates
that have greater selectivity at both the prime and non-prime
side of the scissile bond.

Fresh neutrophils 1solated from human serum were treated
with PMA to induce NETosis and proteins embedded in the
NETs were subsequently released following treatment with
a nuclease. Proteomic analysis was used to 1dentily proteins
released from the NETs, many of which have been observed
in a previous study (Urban, Ermert et al. 2009). Interestingly,
NE remained tightly bound to intact DNA and was not found
in samples that lacked nuclease treatment. CG was found 1n
all samples independent of treatment regimes while PR3 and
NSP4 were never observed. At a functional level, proteolytic
activity 1n the supernatant increased upon release of embed-
ded NET proteins therefore providing a set of human neu-
trophil preparations for multiplex substrate profiling.

MSP-MS 1s an i1deal technology to profile complex bio-
logical samples because unlike the PS-SCL and PICS meth-
ods, the substrate population consists of a defined set of
peptides and therefore cleavage sites can be directly linked
to a specific enzyme. The reproducibility of both the sample
preparation and the protease assay was evident as most of
the substrates cleaved 1n three independent donor samples
were 1dentical. This allowed the generation of a substrate
signature for all common cleavage sites. This signature has
similar features to the NE signature, particularly at the P4 to
P2' subsites and therefore NE was likely to be the dominant
proteolytic activity 1n the neutrophil preparations. This
dominance was subsequently confirmed when immunopre-
cipitation of the enzyme resulted 1 a loss of NE-specific
cleavage sites and alteration of the overall substrate signa-
ture. The remaining activity was likely to be the product of

5

10

15

20

25

30

35

40

45

50

55

60

65

6

CG and to a lesser extent PR3, NSP4 and other as yet
umidentified neutrophil proteases.

The advantage of a global and unbiased substrate profiling
assay 1s that activity of all proteases can be monitored
simultaneously. In addition, the dominant protease can be
readily identified. In this study, 1t 1s evident that targeting of
NE on NETs would mimimize any adverse eflects of unregu-
lated proteolysis associated with NETosis. The selective
cleavage sequences of the neutrophil serine proteases 1den-
tified 1n this study will be valuable for designing substrates,
inhibitors and protease-activatable prodrugs (Choi1 2012;
PMID 22400063). In addition, the substrate signature of
NETs-associated protease activity can be monitored as a

biomarker for mflammatory diseases driven by the neutro-
phil NETosis.

EXAMPLES

It will be apparent to those skilled in the art that the
examples and embodiments described herein are by way of
illustration and not of limitation, and that other examples
may be used without departing from the spirit and scope of
specific embodiments, as set forth 1n the claims.

Example 1. Materials and Methods

Proteolytic Activity Using Combinatorial
Fluorogenic Substrate Libraries

Non-prime side sequence specificity, as the N-terminal
sequence relative to the scissile bond 1s termed 1n protease
nomenclature, was assayed for proteases using combinato-
rial fluorogenic substrate libraries (Harris, 2000). This fluo-
rescent peptide library 1s amenable for detailed profiling of
purified serine proteases and distinguishes between subsite
preferences 1n closely related enzymes. Human NE (50 nM),
CG (100 nM), PR3 (50 nM) (Athens Research & Technol-
ogy, Cat"16-14-051200; Cat"16-14-030107; Cat™16-14-
161820) and NSP4 (100 nM) were assayed with this fluo-
rogenic library 1n Dulbecco’s-PBS containing 0.01%
Tween-20. Amino acid preferences at each position can be
determined by direct comparison of activity, in units of
picomolar of fluorophore released per second.

Peptide Cleavage Site Identification by Multiplex
Substrate Profiling-Mass Spectrometry

Human NE (1 aM), CG (5 nM), PR3 (2 nM) and NSP4
(25 nM) were profiled using the MSP-MS assay as described
by O’Donoghue et al. 2012. In addition, proteolytic activi-
ties in three PMA-induced and MNase-treated donor NET
samples were determined using the MSP-MS assay. Control
samples lacked PMA or MNase treatment and consisted of
an equal mixture of total protein from each donor. All assays
contained 0.4 ug/ml of donor protein and 500 nM of each
peptide 1n a total reaction volume of 900 ul. Aliquots were
removed after 15, 60, 240, and 1200 minutes and quenched
with concentrated formic acid to a final pH of 2.5. Samples
were desalted and analyzed by LC-MSMS peptide sequenc-
ing.

For LC-MS/MS, an LTQ-FT mass spectrometer (Thermo)
equipped with a 10,000 ps1 system nanoACUITY (Waters)
UPLC 1instrument was used for reversed phase chromatog-
raphy with a C18 column (BEH130, 1.7 um bead size, 100
umx100 mm) The LC was operated at 600 nl./min flow rate,
and peptides were separated using a linear gradient over 42

min from 2% B to 30% B, with solvent A: 0.1% formic acid
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in water and solvent B: 0.1% formic acid i 70% acetoni-
trile. Survey scans were recorded over 350-1800 m/z range,
and MS/MS was performed with CID fragmentation on the
s1X most intense precursor i1ons. Mass spectrometry peak
lists were generated using in-house software called PAVA,
and data were searched using Protein Prospector software v.
5.10.0 (Chalkley, Baker et al. 2008). Data was searched
against a database containing the sequences of the 124
14-mer synthetic peptides, concatenated with 4 different
copies of randomized sequences for the same 124 entries to
create a final database of 620 sequences for estimation of
talse discovery rate (O’Donoghue et al, 2012). For database
searching, peptide sequences were matched with no enzyme
specificity requirement, and variable modifications 1nclud-
ing oxidation of Trp, Pro and Phe, and N-terminal pyroGlu
from Gln. Protein Prospector score thresholds were selected
to be minimum protein score of 20, minimum peptide score
of 15, and maximum expectation values of 0.1 for “protein™
and 0.05 for peptide matches, and resulted 1n a peptide false
discovery rate of 0.2%. Cleavage site data was extracted
from Protein Prospector using an in house script called
“MSP extractor” software (O’Donoghue et al, 2012). The
carliest time 1nterval that 22.5% (n=41) of all possible bonds
in the library (n=1612) were cleaved was chosen to compare
enzymes speciiicity. NE, PR3 and CG reached this value at
240, 1200 and 60 minutes respectively while NSP4 cleaved
only 1.2% (n=19) of peptide bonds over the course of the
assay. For comparison of substrate specificity, an iceLogo
software was used to generate substrate specificity logos for
amino acids at +4 positions adjacent to the 1dentified cleav-
age sites with a P value statistic of <0.05 (Colaert, Helsens

et al. 2009).

Isolation of Neutrophils from Healthy Donors

Human neutrophil cells were 1solated by a two-step
purification protocol using Red Blood Cell (RBC) sedimen-
tation followed by removal of monocytes using Ficoll den-
sity gradient centrifugation. Briefly, 50 ml of fresh human
whole blood was collected 1n a collection tube contaiming
heparin. Blood was mixed with HetaSep (STEM cell,
Cat”07906) at the ratio (5:1) to precipitate RBCs and plate-
lets. Supernatants with enriched leukocytes and monocytes
were layered on top of Ficoll-PAQUE PLUS (GE Health-
care, Cat”17-1440-03). After Ficoll gradient centrifugation,
neutrophils were separated from monocytes 1n the superna-
tant and pelleted. Contaminating RBCs were further
removed by repeated cell lysis using RBC lysis bufler
(Miltenyi Biotec, Cat™130-094-183). By this method,
50-100 million neutrophils were 1solated to greater than 98%

neutrophil punity, as confirmed by flow cytometry using
CD66b antibodies (BD Pharmamingen, Cat#555724).

NETosis Induction and NET Preparation

Purified neutrophils were washed five times to remove
plasma proteins, then seeded at a density of 1.7x10° cells/ml
in RPMI 1640 media supplemented with glutamine 1n a 10
mm culture plate. NETosis was induced 1n vitro by stimu-
lating neutrophils with 50 nM phorbol-12-myristate-13-
acetate (PMA, Sigma P8139) at 37° C. mn a 5% CO,
incubator. After induction for 3 hours, media was removed
and plates were washed gently with warm media three times.
This induction time was selected as the optimal time
required for maximum protein release from NETs post-PMA
treatment. NETs were then digested by Micrococcal Nucle-

ase (MNase) (20 U/ml) (Thermo Scientific, P*88216) for
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10-40 minutes to disassemble NETs into media. The super-
natant was subsequently centrifuged to remove cells and
cellular debris. Supernatants from PMA-untreated neutro-
phils and PMA-treated neutrophils but without MNase
digestion were prepared as negative controls. A fraction of
cach sample was treated with protease inhibitor cocktail to
preserve the sample for proteomic analysis, whereas the
remainder of the sample for protease activity screening was
not treated with protease inhibitors. The progression of
NETosis was monitored by measuring cell-free DNA using
Sytox Orange (Life Technologies, S11368). DNA was quan-
tified by relative fluorescence measurement with a Spectra-
Max M2 fluorometer (Molecular Devices) at a filter setting
of 544 nm (ex)/590 nm (em), calibrated by standard curve
with DNA standard of known concentration. NETosis was
also quantified by measuring NE activity using the
EnzChek® elastase Assay Kit (Invitrogen, Cat”12056).
Finally NETosis was visually examined by confocal immu-
nofluorescent microscopy. Neutrophils (5x10° cells/ml)
were seeded on poly-L-lysine coated cover slips and treated
with or without 50 nM PMA. At different time points
post-NETosis induction, cells were fixed with 4% paratorm-
aldehyde, then permeablized and blocked with 10% FBS 1n
phosphate buflered saline (PBS) with 0.05% TritonX-100.
For histone staining, coverslips were incubated with a
mouse anti-human core histone antibody (Millipore, Anti-
histone Clone H11-4, MAB3422) followed a Tetramethyl
Rhodamine Isothiocyanate (TRITC)-conjugated secondary
antibody (Invitrogen Cat” T2762). DNA was counterstained
with Hoechst 33342 (AnaSpec Inc, Cat#83218). Coverslips
were mounted onto glass slides using Prolong Gold mount-
ing media (Invitrogen Cat” P36930) before acquisition.

Depletion of Elastase from NET Supernatants

MNase preparations of NET samples were secondarily
digested with DNase (100 U/ml) for 10 minutes at 37° to
tully release NET-associated proteins. NET supernatants
were then mixed with Pierce G/A magnetic beads (Thermo
Scientific, Cat”88802) coated with elastase antibodies
(Sigma, Cat# PAI-74132) at 4° C. for 1 hour. After incuba-
tion, the supernatants were separated from beads on a
DYNAL-magnet bead separation rack (Invitrogen Cat”123-
21D). Depletion of the protease was confirmed using the
EnzChek® elastase assay.

NET Protein Identification by Mass Spectrometry

Protein identification 1n NET-induced samples was per-
formed using peptide sequencing by mass spectrometry as
previously reported (O’Donoghue et al, 2012). NET samples
were prepared as described above from three donors with the
following combinations: +PMA/+MNase, +PMA/-MNase,
and -PMA/+MNase treatment. The +PMA/+MNase treated
samples were assayed individually for each donor, while the
+PMA/-MNase, and -PMA/+MNase control samples were
prepared as pooled mass-matched samples from the three
donors. NET protein concentrations ranged from 25-40
ug/ml 1 PBS, therefore a slightly modified in solution
trypsin digestion protocol was applied, as follows. Samples
were brought to a standardized concentration of 30 pg/ml
with 100 mM ammonium bicarbonate bufler (~20 ug 1n a
total volume of 700 ul) to which was added solid urea to 4M
final. Sample was reduced with 10 mM D'TT incubation for
10 min at 56° C., then alkylated with 12 mM 10doacetamide
(45 mun, dark, 21° C.), and then quenched with 5 mM

additional DTT. The final volume was adjusted to 1.4 ml
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with additional 100 mM ammonium bicarbonate, bringing,
urea concentration to 2M. Trypsin (sequencing grade, Pro-
mega) was added at 1:50 trypsin:total protein for digestion
overnight at 37° C. The sample was then acidified with
formic acid to pH 2-3 and desalted using C18 OMIX tips
(Varian). Each sample was assayed with two technical
replicate  LC-MS/MS analyses using an LTQ-Orbitrap
(Thermo) mass spectrometer operated under 1dentical sepa-
ration and analysis conditions as the LTQ-FT system
described above.

Database searches were performed against the . sapiens
UniProt database (downloaded Mar. 21, 2012), contaiming,
62,611 entries. For estimation of false discovery rate, this
database was concatenated with a fully randomized set of
sequence entries (Elias and Gygi 2007). Data were searched
with mass tolerances of 20 ppm for parent and 0.8 Da for
fragment 1ons. Peptide sequences were matched as tryptic
peptides with no missed cleavages, and carbamidomethyl-
ated cysteines as a fixed modification. Variable modifica-
tions included oxidation of Met, N-terminal pyroGlu from
Gln, loss of Met and N-terminal acetylation. Protein Pros-
pector score parameters were minimum protein score ol 22,
mimmum peptide score of 15, and maximum expectation
values of 0.01 for protemn and 0.001 for peptide matches,
resulting 1 a protein false discovery rate of 1.1%. Protein
identification results are reported with unique peptide count,
peptide count as an approximation of protein abundance,
percent sequence coverage and an expectation value for the
probability of the protein 1dentification (Choi, Fermin et al.
2008) (Liu, Sadygov et al. 2004). Proteins were required to
have been 1dentified with at least two unique peptides 1n one
of the three conditions tested (+PMA/+MNase, +PMA/-
MNase, and —-PMA/+MNase) to be reported.

Example 2. Substrate Profiling of Neutrophil Serine
Proteases by PS-SCL and MSP-MS

To date, the substrate specificity of more than 80 endo-
proteases have been profiled using the PS-SCL assay (PMID
10869434) while the recently developed MSP-MS assay has
profiled >30 proteases to date, that include endo and exo-
acting proteases (O’Donoghue et al, 2012). In order to
obtain an unbiased and comprehensive substrate profile of
NE, CG, PR3 and NSP4, the inventors assayed each enzyme
using PS-SCL and MSP-MS method under identical bufler
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accommodate 1soleucine at this position while PR3 does not.
In contrast, CG has low tolerance for these amino acids and

prefers tyrosine and phenylalanine at its P1 site while NSP4
strongly favors arginine. NE and PR3 are readily distin-
guishable by the P2 specificity as NE prefers proline and
alamine while PR3 displays a preference for aspartic acid,
glutamic acid and asparagine. Interestingly, CG and NSP4
prefer threonine, serine, proline and other small hydrophobic
amino acids at P2 although for NSP4 this activity 1s minor
relative to the P1 site specificity for arginine. At P3, NE and
CG have a similar specificity profile while PR3 has a distinct
preference for bulky residues particularly tryptophan and
tyrosine. Finally at P4, NE, CG and NSP4 have broad
specificity while PR3 does not tolerate phenylalanine or any
charged amino acid at this site.

The MSP-MS assay uses a mixture of 124 tetradecapep-
tides as the substrate library to profile the specificity of
proteases. Cleaved peptides at the amino and carboxy side of
the scissile bond can be readily identified by peptide
sequencing using mass spectrometry. The assay can be
quenched at various time intervals to obtain a qualitative
assessment of protease cleavage events. All four proteases
had significant enrichment of amino acids 1n the P1 position
(FIG. 2), with amino acid preferences that correlated
strongly to those observed in the PS-SCL method, scoring
=0.4 on a scale from -1.0 to 1.0 by Pearson analysis (Table
1). Here, NE favored 1soleucine over valine and threonine
while PR3 had approximately equal preference for alanine,
valine, threonine and isoleucine. CG favored phenylalanine
over tyrosine and lysine but disfavored alanine at P1 while
NSP4 had a strict preference for arginine. Outside of the P1
subsite, the specificity for each enzyme was derived from
different subsites: notably glutamine and leucine were pre-
terred at P3 and tryptophan at P2' of NE, glutamic acid and
asparagine at P2 of PR3, and norleucine at P2 of CG.
Interestingly, while PR3 and NE had strong correlation
within the P4-P1 sites that could be compared between these
two methods, CG had a weaker correlation (Table 1),
potentially due to prime-side specificity (FIG. 2) that 1s
untested by design in the PS-SCL method. The MSP-MS
results showed a strong correlation with previously pub-
lished specificity data for both NE and CG 1n the P2' site, as
well as P1 (Table 1), that was generated using the proteomic

identification of protease cleavage sites (PICS) method
(Schilling 2008, Perera 2012).

TABLE 1

Comparison of substrate specificity from MSP-MS with PS-SCL and PICS

MSP-MS v PS-SCL

MSP-MS v PICS

P4 P3 P2
NE 053 0.72 041
PR3 0.62 0.25 0.4
CG 0.06 028 0.12
NsP4  -0.19 0.14 0.20

conditions. The PS-SCL library uses a 7-amino-4-carbam-
oylmethylcoumarin (ACC) group linked to the carboxy
terminus of tetrapeptide sequences. The library can be used
to determine the nonprime-side (N-terminal to the scissile
bond) substrate specificity and 1s particularly informative to
differentiate proteases with high homology (Choe, Leonetti
et al. 2006). In the mventors” studies using the PS-SCL
method, both NE and PR3 favor valine and alanine and to a
lesser extent, threonine at the P1 site (FIG. 1). NE also can

60

65

P1 P4 P3 P2 P1 P’ P2 P3 P4
0.51 -0.15 053 029 087 -0.03 046  0.01 0.05
0.77 -0.23 021 003 08l 034 065 0.11 0.14
0.81  — - - - - - - -
0.96 0.15 022 -032 093 010 001 =023 -0.10

Example 3. Induction of NETs with Enriched
Protease Activity

To estimate proteolytic activity in PMA-1nduced NETosis
in neutrophils the inventors screened a set of internally
quenched fluorescent peptides and 1dentified a substrate that

was readily cleaved by three of the four neutrophil serine
proteases. This substrate, K(mca)-PLGKQVEY-K(dnp),
was previously used to assay a glutamic acid protease
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secreted from a fungus (O’Donoghue, 2008). Using this
probe, the proteolytic activity released from NETs derived
from PMA and MNase treated neutrophils was approxi-
mately five-fold greater than control samples that lack PMA

12

cellular locations: nuclear proteins, actin-associated pro-
teins, enzymes, microcidal peptides and signal transduction.
Of these, 21 proteins, mostly among the highest abundance
proteins, were previously identified 1n NETosis mduced

treatment, and twenty- to forty-fold greater than control s peutrophils (Urban, Ermert et al. 2009). Only three proteins
samples that lacked MNase treatment (FIG. 3). The inven-  from the previous study were undetected using the inven-
tors also employed MSP-MS 1o analyze the same SamP}eS tors” optimized procedure: proteinase 3, alpha-actinin, and
and o]aselc'lv ed 98 cleaved peptld?dbans clller{ved from’ N'j'g' catalase, but these omissions might be explained by the
assoctated proteases. As was evident in the ventors: stud- inventors” use of MNase treatment to dissemble NET
1ies using the fluorescent substrates, there are active proteases 10 . . :
; instead of Dnase treatment such that these 3 proteins might
present 1n both PMA only and MNase only treated samples, b . . .
0 ¢ missed. Twenty-nine (29) proteins were revealed that
but these low level cleavages account for only 15-19% of the . . . .
were previously unidentified in PMA- and MNase-treated
total cleaved bonds observed after PMA and MNase treat- i los. T v 11 of th _
ment of neutrophils. Taken together, these studies deter- neutrop M sdiples. Howevel oLy 110 these proteins were
mined that neutrophils could be 1induced to form NETs that 15 reproducibly 1dentified in all three donors. Among the newly
were enriched with proteolytic activity. found proteins, the inventors found SH3 domain-binding
glutamic acid-rch-like protein 3 (SH3BGRL3) (Q3T123),
Example 4. Identification of NET Associated which are mvolved in signal transduction pathways of
Proteins inflammation. NE and the inactive serine protease family
>0 member, azurocidin, were found 1n all three donor samples
To 1dentity the full complement of proteins embedded in while CG was only observed i a single donor sample.
the NETSs, protein preparations from the same NETosis- Surprisingly, while the inventors’ enzymatic studies indi-
induced neutrophils described above were subjected to pro- cated an enrichment of proteolytic activity in PMA- and
teomic analysis to evaluate the protemn composition of MNase-treated neutrophils (NETs) relative to the control
induced versus uninduced NETs (Table 2). Using mass 35 samples, there was little or no enrichment of proteases in the
spectrometry, fifty NET-associated proteins were identified same samples when analyzed by mass spectrometry-based
in the three conditions (+PMA/+MNase, +PMA/-MNase, proteomics. NE was not found in any sample that lacked
and —-PMA/+MNase) tested. The NET associated proteins MNase treatment, indicating that NE 1s efliciently trapped on
can be grouped 1nto six classes based on their functions and intact NETs.
TABLE 2

NET associated proteins identified by LC-MS/MS from three healthy donors

PMA induced, Mnase

treated NETs PMA induced, no

Uninduced, Mnase

Average Times nuclease release treated NETS

UniProt Number Peptide  Observed Number Peptide Number Peptide  Protemn Urban

Accession# Unique Count outof N=3 Unique Count  Unique Count MW  Protein Name et al

B4E335 43 17.33 1 97 173 73 141 39226.3 Actin, beta yes

P0O5164 99 97.33 3 27 43 35 47 83869.4 Myeloperoxidase yes

ARK9UR 71 41.67 2 80 128 43 65 78338.9 Lactoferrin yes

P0&8246 59 68.33 3 36 64 28518.3 Neutrophil elastase yes

B4DLA9 43 42.00 1 14 24 21 47 14841.5 Histone H2B yes

B2R4P9 43 54.33 3 15328  Histone H3 yes

A3KPC7 38 39.33 2 13906.4 Histone H2A yes

P20160 33 32.67 3 10 13 12 13 26885.9 Azurocidin yes

B2R4R0 30 51.00 3 8 9 20 41 11367.4 Histone H4 yes

P35579 23 30 226534.2 Myosin-9 yes

B3KSI4 8 2.67 1 8 11 24 31 58982.1 Uncharacterized protemn, highly yes
similar to transketolase

P0O6733 14 7.33 3 20 32 47169.4 Alpha-enolase yes

A3ROTR 11 7.00 3 18 25 7 12 21865.4 Histone 1, Hle no

B2R4C5 17 6.33 ] 21 23 18 23 16537.2 Lysozyme yes

PO8311 15 6.00 14 20 10 13 28837.5 Cathepsin G yes

B2R4M6 3 1.00 1 14 24 16 28 13210.1 Protein S100-A9 yes

P59665 14 25.00 3 16 59 13 37 10201.1 Neutrophil defensin 1 Ves

A4UCT1 10 4.67 3 11 13 14 20 17303.1 Glyceraldehyde-3-phosphate no
dehydrogenase (Fragment)

B2R&29 20 27 45850.5 cDNA, FLI93711, highly similar to  ves
Homo sapiens myeloid cell nuclear
differentiation antigen (MNDA),
mRNA

A2A418 4 1.33 2 13 14 13 17 80641.3 Gelsolin (Amyloidosis, Finnish
type)

C5HZ13 12 21 16453  Charcot-Leyden crystal protein no

B4DE36 2 1.00 2 8 10 60186.3 Glucose-6-phosphate 1somerase no

PO7737 3 3.00 2 3 3 7 10 15054.4 Profilin-1 no

P31146 5 1.67 1 11 22 51026.7 Coronin-1A no

ARKAWE 7 8 9 11 44615.1 Phosphoglycerate kinase no

B4DNK4 6 7 49898.2 Pyruvate kinase no

PR0O723 6 6 3 3 22693.6 Brain acid soluble protein 1 no
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TABLE 2-continued

NET associated proteins identified by LC-MS/MS from three healthv donors

PMA induced, Mnase

treated NETs PMA 1nduced, no

Uninduced, Mnase

Average Times nuclease release treated NETs

UniProt Number Peptide  Observed Number Peptide Number Peptide  Protein Urban

Accession# Unique Count outof N=3 Unique Count Unique Count MW  Protemn Name et al

BOYJIC4 10 16 49653.8 Vimentin no

B4E112 3 6 4 7 12459.7 c¢DNA FLJI5143S, moderately no
similar to Cofilin-1

A2VCKSR 4 4.00 2 8 25 5 22 5052.7 Thymosin beta 4, X-linked no

P12724 6 7 183%5.5 FEosinophil cationic protein no

P0O5109 5 2.67 3 3 5 7 9 10834.6 Protein S100-AR yes

ARK?220 3 4 4 7 18012.7 Peptidyl-prolyl cis-trans isomerase no

ABMX94 3 3 19480.7 Glutathione S-transferase p1 1 no

F27393 1 0.33 1 4 4 35329.2 'Transaldolase no

B4DIJI2 4 6 1 2 56853.5 c¢DNA FLI53342, highly similar to  no
Granulins

ARK2Y9 5 6 53140.5 6-phosphogluconate no
dehydrogenase, decarboxylating

P49913 4 4 19301.6 Cathelicidin antimicrobial peptide no

060234 1 0.33 1 3 3 16801.5 Glia maturation factor gamma no

D6ROA6 1 0.67 1 6 14 15403.9 High mobility group box 2 no
(Fragment)

ARK2L4 3 4 1 1 37247.9 c¢DNA FLI76079, highly similar to  no
Homo sapiens lymphocyte-specific
protein 1 (LSP1), mRNA

PRO511 2 1.00 1 10575.1 Protein S100-Al12 yes

B3KUI1 1 1.33 3 3 4 3 4 25043.3 c¢DNA FLI39956 fis, clone yes
SPLEN2024990, highly similar to
Plastin-2

B5BU38 3 4 38680.6 Annexin

ATXZE4 2 3 3 3 33026.2 Beta tropomyosin 1soform no

Q5T123 3 1.67 2 2 3 9380.6 SH3 domain binding glutamic acid- no
rich protein like 3

P05204 3 8 2 11 9392.7 Non-histone chromosomal protein no
HMG-17

BOQZKZY 2 2 13683.9 Heterochromatin protein 1, no
binding protein 3 (Fragment)

B72507 2 2 71554.8 ¢DNA FLI51036, highly similar no
to Matrnix metalloproteinase-9
(EC3.4.24.35)

Q68D0OY 2 2 36750.3 Putative uncharacterized protein no

Example 5. Multiplexed Substrate Profiling of
Proteases on NETs

The substrate specificity of NET-associated proteases was
assessed using the MSP-MS assay. An advantage of using
the MSP-MS assay over the PS-SCL assay for profiling
biological samples containing more than one protease, 1s
that peptide substrates can be directly linked to a specific
protease. This substrate specificity information of each neu-
trophil serine protease was applied to the analysis of NETs
that are likely to contain a mixture of these enzymes. By
MSP-MS, all three donors have similar substrate profiles. To
generate a representative “donor signature™, the 40 cleav-
ages observed 1n all three donor samples were aggregated
into a single motif that closely resembled NE specificity
(FIG. 4). This donor signature was an aggregate of the three
major enzyme specificities, with 15, 5, and 1 cleavages
uniquely attributable to NE, CG and PR3 respectively (also
shown 1n FIG. 4). The remaining 19 cleavages could not be
uniquely assigned, as they were hydrolyzed by more than
one neutrophil serine protease.

In order to confirm that NE was the major proteolytic
activity in NETs, the imnventors selectively removed the
enzyme by mmmunodepletion, and assayed the remaining
proteases 1n the mixture. On this occasion, the mventors
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were able to increase the total amount of NE-depleted donor
protein 1n the assay by 15-fold, which generated only a
1.7-fold increase 1n the number of cleavage sites 1dentified
over the course of the assay. The 76 shared cleavage sites
between three donors were mainly attributable to CG activ-
ity (36 unique cleavages), and now revealed proportionately
more PR3 activity with 7 unique cleavages. Interestingly,
just a single cleavage was likely to be the product of NSP4
activity, and there were now 15 new cleavages that could not
be attributed to any of the four enzymes. Thus NE-depletion
was able to reveal greater activity for the lower abundance
proteases.

Example 6. Substrates of Proteases on NETs

FIG. 5 shows Elastase cleavage sites and those 1t shares
with Cathepsin G and Proteinase 3. FIG. 6 shows Proteinase
3 cleavage sites and those it shares with Elastase and
Cathepsin G. FIG. 7 shows Cathepsin G cleavage sites and
those 1t shares with Elastase and Proteinase 3. FIG. 8 shows
protease cleavage sites from NETosis donors. FIG. 9 shows
cleavage sites of Flastase, Proteinase 3, Cathepsin G, neu-
trophil secreted protein 4, and protease cleavage results from
NETosis donors.

All publications and patents mentioned 1n the above
specification are incorporated herein by reference. Various
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modifications and variations of the described methods will
be apparent to those skilled in the art without departing from
the scope and spirit of the disclosure. Although the invention
has been described 1n connection with specific embodi-
ments, 1t should be understood that what has been claimed 5
should not be unduly limited to such specific embodiments.
Indeed, various modifications of the above-described modes

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 180

<210> SEQ ID NO 1

<211> LENGTH: 8

«212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 1

Ala Thr Gly Gly Tyr His Pro Asn
1 5

<210> SEQ ID NO 2

<211> LENGTH: 8

«212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 2

Phe Val Lys Ile Ser Thr Thr His
1 5

<210> SEQ ID NO 3

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
«220> FEATURE:

<221> NAME/KEY: migc feature

222> LOCATION: (6)..(8)

16

for carrying out specific embodiments which are obvious to

t

nose skilled 1n the art are intended to be within the scope of

t

e following claims. Those skilled in the art will recogmize,

or be able to ascertain using no more than routine experi-
mentation, many equivalents to the specific embodiments
described heremn. Such equivalents are intended to be
encompassed by the following claims.

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 3

Ile Asp Trp His His Xaa Xaa Xaa
1 5

<210> SEQ ID NO 4

<211> LENGTH: 8

«212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 4

Met Asp Ser Ile Arg Higs Gln Gly
1 5

<210> SEQ ID NO b5

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: b5

Pro Ala Lys Val Trp Ser Thr Tyr
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-continued

<210> SEQ ID NO o

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (6)..(8)

<223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: o

Gln Arg Arg Gly Met Xaa Xaa Xaa
1 5

<210> SEQ ID NO 7

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (1) .. ({(2)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 7

Xaa Xaa Pro His Trp Gln Arg Val
1 5

<210> SEQ ID NO 8

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 8

Tyr Arg Met Ile Arg Gln Glu Xaa
1 5

<210> SEQ ID NO ©

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (8)..(8)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 9

Glu Gln Phe Thr Asn Met Tyr Xaa
1 5

<210> SEQ ID NO 10

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 10

18
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-continued

Gly Gln Met Ile Arg Trp His Phe
1 5

<210> SEQ ID NO 11

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (7)..(8)

<223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 11

Ile Ser Thr Thr His Trp Xaa Xaa
1 5

<210> SEQ ID NO 12

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 12

Lys Tyr Pro Ile Met Ala Xaa Xaa
1 5

<210> SEQ ID NO 13

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7)..(8)

223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 13

Met Gln Thr Thr Gln Met Xaa Xaa
1 5

<210> SEQ ID NO 14

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 14

Asn Gln Ile Ile Trp Phe Asp Tvyr
1 5

<210> SEQ ID NO 15

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 15

Pro His Met Ile Trp Ala Lys Pro

20
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-continued

<210> SEQ ID NO 1o

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (7)..(8)

<223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 1o

Gln Ile Asn Gln Lys His Xaa Xaa
1 5

<210> SEQ ID NO 17

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (6)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 17

Arg Leu Asn Thr Pro Xaa Xaa Xaa
1 5

<210> SEQ ID NO 18

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 18

Arg Met Hig Val Gln Leu Gly Gly
1 5

<210> SEQ ID NO 19

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 19

Ser Glu Thr Ile Ala Hisgs Phe His
1 5

<210> SEQ ID NO 20
<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

«222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 20

Tyr Asp Pro Val Ser Leu Xaa Xaa
1 5
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<210> SEQ ID NO 21

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 21

Tyvr Leu Ala Ile Gln Ala Val Xaa
1 5

<210> SEQ ID NO 22

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (6)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 22

Glu Pro Asn Gly Trp Xaa Xaa Xaa
1 5

<210> SEQ ID NO 23

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 23

Gly Arg Asp Thr Met Phe Ile Xaa
1 5

<210> SEQ ID NO 24

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7)..(8)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 24

Asn Phe Leu Arg Gly Pro Xaa Xaa
1 5

<210> SEQ ID NO 25

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (7)..(8)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid
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<400> SEQUENCE: 25

Ala His Trp Val Gly Ile Xaa Xaa
1 5

<210> SEQ ID NO 26

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 26

Ala Tle Gly Ala Arg Ser Asp Xaa
1 5

<210> SEQ ID NO 27

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 27

Lys Ile Ser Thr Thr His Trp Xaa
1 5

<210> SEQ ID NO 28

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 28

Met Ile Trp Ala Lys Pro Gly Xaa
1 5

<210> SEQ ID NO 29

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 29

Met Val Leu Thr Lys Ala Ala Pro
1 5

<210> SEQ ID NO 30

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 30
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Thr Val Tyr Ala Asp Ser Ser Glu
1 5

<210> SEQ ID NO 31

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (1) ..(2)

<223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 31

Xaa Xaa Gly Pro Lys Leu Thr Tyr
1 5

<210> SEQ ID NO 32

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (1) .. (3)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 32

Xaa Xaa Xaa Met Pro Glu Glu Val
1 5

<210> SEQ ID NO 33

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 33

Ala Asn Phe Leu Arg Gly Pro Xaa
1 5

<210> SEQ ID NO 34

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<400> SEQUENCE: 34

Ala Gln Tyr Met Met Gly Gln Xaa
1 5

<210> SEQ ID NO 35

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
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<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 35

Ala Val Met Phe Met Ser Lys Xaa
1 5

<210> SEQ ID NO 36

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 36

Asp His Ala Tyr Leu Tyr Xaa Xaa
1 5

<210> SEQ ID NO 37

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 37

Glu Gln Thr His Asn Tyr Arg Pro
1 5

<210> SEQ ID NO 38

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 38

Glu Arg Leu Phe Phe Trp Ala Xaa
1 5

<210> SEQ ID NO 39
«<211> LENGTH: 8
<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 39

Glu Thr Val Tyr Ala Asp Ser Ser
1 5

<210> SEQ ID NO 40

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 40
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Gly Higs Thr Phe Gln Glu Ser Met
1 5

<210> SEQ ID NO 41

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (7)..(8)

<223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 41

Gly Met Ser Phe Met Met Xaa Xaa
1 5

<210> SEQ ID NO 42

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 42

Hig Ala Trp Phe Ser Val Ile Ile
1 5

<210> SEQ ID NO 43
<211> LENGTH: 8
«212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: misc feature
<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 43

Hig Glu Ile Tyr Gly Asp Pro Xaa
1 5

<210> SEQ ID NO 44

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<400> SEQUENCE: 44

Ile Ala His Phe His Gly Ile Asp
1 5

<210> SEQ ID NO 45

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 45

Ile Phe Tyr Leu Asn Gly Asp Xaa
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<210> SEQ ID NO 46

<211l> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 46

Lys Glu Arg Leu Phe Phe Trp Ala
1 5

<210> SEQ ID NO 47

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 47

Lys Leu Thr Tyr Asp Phe Trp Ile
1 5

<210> SEQ ID NO 48

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 48

Lys Val Asn Phe Gln Gln His Ile
1 5

<210> SEQ ID NO 49

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 49

Asn Met Leu Lys Asp Asp Met Gly
1 5

<210> SEQ ID NO 50O

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 50

Pro Asp Phe Tyr Leu Gly Arg Ser
1 5

<210> SEQ ID NO 51

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 51

Arg Ser Ala Phe Ala Glu Met Trp
1 5

US 9,958,459 B2

-continued
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<210> SEQ ID NO b2

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 52

Arg Trp Higs Phe Ser Glu Asn Xaa
1 5

<210> SEQ ID NO 53

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 53

Ser Glu Gln Phe Thr Asn Met Tyr
1 5

<210> SEQ ID NO 54

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 54

Thr Ala Arg Trp Asn Asp Val Asp
1 5

<210> SEQ ID NO 55

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 55

Thr Trp Met Lys Ile Phe Asn Thr
1 5

<210> SEQ ID NO 5o

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 5o

Val Ile Phe Phe Arg Leu Asn Thr
1 5

<210> SEQ ID NO 57

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: misc_feature
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<222> LOCATION: (6)..(8)
<223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 57

Val Leu Leu Arg Pro Xaa Xaa Xaa
1 5

<210> SEQ ID NO 58

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 58

Trp Asp Glu Ser Asn Gly Ala Xaa
1 5

<210> SEQ ID NO 59

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 595

Trp Asn Met Leu Lys Asgsp Asp Met
1 5

<210> SEQ ID NO 60

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 60

Trp Ser Thr Tyr Ser Trp Val Ala
1 5

<210> SEQ ID NO 61

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1) .. (1)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 61

Xaa Met Tyr Phe Lys Tyr Ile Trp
1 5

<210> SEQ ID NO 62

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 62

Tyr Ile Trp Tyr Val Gln Thr Ala
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<210> SEQ ID NO 63

<211l> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 63

Tyr Lys Arg Phe Met Ala His Trp
1 5

<210> SEQ ID NO o4

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

<223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 64

Tyr Thr Leu Lys Gly Glu His Xaa
1 5

<210> SEQ ID NO 65

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 65

Ala Phe Met Lys Trp His Glu Gly
1 5

<210> SEQ ID NO 66

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 66

Ala Ser Met Arg Ile Tyr Ile Glu
1 5

<210> SEQ ID NO 67

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 67

Asp Asp Leu Met Ser Glu Gln Phe
1 5

<210> SEQ ID NO 68

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:
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<221> NAME/KEY: misc_feature
222> LOCATION: (6)..(8)
223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 68

Asp Thr Met Phe Ile Xaa Xaa Xaa
1 5

<210> SEQ ID NO 69

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 69

Asp Trp Ala Phe Arg Ile Arg Ser
1 5

<210> SEQ ID NO 7O

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 70O

Phe Tle Val Phe Ile Leu Trp Arg
1 5

<210> SEQ ID NO 71

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 71

Phe Asn Met Tyr Gly Tvr Asp Leu
1 5

<210> SEQ ID NO 72

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 72

Gly Ile Phe Tyr Leu Asn Gly Asp
1 5

<210> SEQ ID NO 73
<«211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

«<222> LOCATION: (8)..(8)

223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 73

Hig Ile Val Lys Trp Ala Ser Xaa
1 5
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<210> SEQ ID NO 74

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 74

Ile Ile Trp Phe Asp Tyr Thr Leu
1 5

<210> SEQ ID NO 75

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 75

ITle Val Lys Trp Ala Ser Xaa Xaa
1 5

<210> SEQ ID NO 76

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 76

Lys Gly Lys Pro Thr Arg Trp Gln
1 5

<210> SEQ ID NO 77

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 77

Lys Pro His Asp Val Met Gly Ser
1 5

<210> SEQ ID NO 78

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 78

Lys Arg Phe Met Ala His Trp Val
1 5

<210> SEQ ID NO 79

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (7)..(8)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid
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<400> SEQUENCE: 79

Lys Trp Ser Tyr Arg Met Xaa Xaa
1 5

<210> SEQ ID NO 80

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 80

Leu His Pro Phe Lys Val His Xaa
1 5

<210> SEQ ID NO 81

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 81

Met Ala Phe Met Lys Trp His Glu
1 5

<210> SEQ ID NO 82

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 82

Met Ala His Trp Val Gly Ile Xaa
1 5

<210> SEQ ID NO 83

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 83

Met Phe Val Lys Ile Ser Thr Thr
1 5

<210> SEQ ID NO 84

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 84

Met Ile Ala Leu Tyvr Trp Gly Arg
1 5
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<210> SEQ ID NO 85

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 85

Met Lys Ile Phe Asn Thr Xaa Xaa
1 5

<210> SEQ ID NO 86

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 86

Pro Trp Thr Met Ala Asn Phe Leu
1 5

<210> SEQ ID NO 87

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: misc feature
<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 87

Gln Gly Pro Phe Trp Met Leu Xaa
1 5

<210> SEQ ID NO 88

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 88

Gln Tyr Pro Met Phe Val Lys Ile
1 5

<210> SEQ ID NO 89

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7)..(8)

223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 89

Arg Leu Phe Phe Trp Ala Xaa Xaa
1 5

<210> SEQ ID NO 950

48



49

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: S50

Ser Thr Tyr Phe His Asp Leu Asnh
1 5

<210> SEQ ID NO 91

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 91

Thr Lys Met His Ala Glu Asn Ile
1 5

<210> SEQ ID NO 92

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 92

Val Gly Lys Trp Ser Tyr Arg Met
1 5

<210> SEQ ID NO 93

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 93

Val Leu Thr Lys Ala Ala Pro Val
1 5

<210> SEQ ID NO ©94

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: ©94

Trp Leu Ile Phe Val Ser Asn Ala
1 5

<210> SEQ ID NO 95

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (1) .. ({(2)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 95

Xaa Xaa His Gly Thr Pro Lys Phe
1 5

US 9,958,459 B2

-continued
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51

-continued

<210> SEQ ID NO 96

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (1) ..({(2)

223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 96

Xaa Xaa Leu Phe Asn Asp Val Asn
1 5

<210> SEQ ID NO 97

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 97

Tyvr Asn Met Trp Ser Leu Tyr Arg
1 5

<210> SEQ ID NO 58

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (7)..(8)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 958

Lys Gln Arg Phe His Pro Xaa Xaa
1 5

<210> SEQ ID NO 99

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 99

Trp Gln Arg Val Ile Phe Phe Arg
1 5

<210> SEQ ID NO 100
<«211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (6)..(8)

223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 100

Tle Arg Ser Gly Thr Xaa Xaa Xaa
1 5
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53

-continued

<210> SEQ ID NO 101

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (6)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 101

Pro Phe Lys Val His Xaa Xaa Xaa
1 5

<210> SEQ ID NO 102

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (1)..(3)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 102

Xaa Xaa Xaa Pro Asn Ile Thr Arg
1 5

<210> SEQ ID NO 103

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 103

Arg Phe Met Ala His Trp Val Gly
1 5

<210> SEQ ID NO 104

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 104

Ser Leu Ile Ala Lys Trp Val Gly
1 5

<210> SEQ ID NO 105

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
«220> FEATURE:
<221> NAME/KEY: misc feature

<222> LOCATION: (6)..(8)
223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 105

Ser Arg Gln Ala Glu Xaa Xaa Xaa
1 5

<210> SEQ ID NO 106
<«211> LENGTH: 8
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33

-continued

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 106

Thr Asp Trp Trp Ala Tyr Xaa Xaa
1 5

<210> SEQ ID NO 107

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (1)..(3)
223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 107

Xaa Xaa Xaa 2la Gln 2sn Glu Ala
1 5

<210> SEQ ID NO 108

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (1)..(3)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 108

Xaa Xaa Xaa Glu Ala Trp Met Thr
1 5

<210> SEQ ID NO 109

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: misc feature

«222> LOCATION: (6)..(8)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 109

Leu Gln His Thr Phe Xaa Xaa Xaa
1 5

<210> SEQ ID NO 110

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 110

Gly Lys Pro Thr Arg Trp Gln Arg
1 5
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-continued

<210> SEQ ID NO 111

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 111

Arg Trp Leu Ile Phe Val Ser Asn
1 5

<210> SEQ ID NO 112

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (6)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 112

Trp Val Ala Arg Gly Xaa Xaa Xaa
1 5

<210> SEQ ID NO 113

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (8)..(8)
223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 113

Leu Ile Phe Val Ser Zsn Ala Xaa
1 5

<210> SEQ ID NO 114

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 114

Ala Phe Arg Ile Arg Ser Gly Thr
1 5

<210> SEQ ID NO 115

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (6)..(8)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 115

Glu Hig Hig Ala Met Xaa Xaa Xaa
1 5

<210> SEQ ID NO 116
<«211> LENGTH: 8
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<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 116

Phe His Ile Val Lys Trp Ala Ser
1 5

<210> SEQ ID NO 117

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 117

Phe Val Lys Ile Ser Thr Thr His
1 5

<210> SEQ ID NO 118

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 118

Gly Glu Ala Val Met Phe Met Ser
1 5

<210> SEQ ID NO 119

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 119

Hig Gly Phe Glu Tyr Val Thr Ala
1 5

<210> SEQ ID NO 120

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 120

Lys Phe Gly Ile Phe Tyr Leu Asn
1 5

<210> SEQ ID NO 121
<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: misc feature

«222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 121

Leu Ile Ser Val Met Arg Xaa Xaa
1 5

US 9,958,459 B2

-continued
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-continued

<210> SEQ ID NO 122

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 122

Leu Tyr Arg Met Ile Arg Gln Glu
1 5

<210> SEQ ID NO 123

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 123

Met Glu Phe Ala Thr Gly Gly Tvr
1 5

<210> SEQ ID NO 124

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

«<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 124

Met Arg Tyr Ile Asn Val Met Xaa
1 5

<210> SEQ ID NO 125

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 125

Asn Asn Pro Ile Asp Trp His His
1 5

<210> SEQ ID NO 126

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 126

Pro Ala Glu Ile Met Gln Thr Thr
1 5

<210> SEQ ID NO 127

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 127
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-continued

Pro Ser Leu Ile Ala Lys Trp Val
1 5

<210> SEQ ID NO 128

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 128

Ser Gln Thr Ala Arg Trp Asn Asp
1 5

<210> SEQ ID NO 129

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 129

Trp Glu Arg Thr Ile Val Asn His
1 5

<210> SEQ ID NO 130

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (1).. (1)
223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 130

Xaa Ala Met Thr Asp Arg Gly Trp
1 5

<210> SEQ ID NO 131

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (1) .. (1)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 131

Xaa Met Ala Ile His Gly Phe Glu
1 5

<210> SEQ ID NO 132

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (1) .. (1)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 132

Xaa Arg Asp Leu Val Asp Higs Ile
1 5
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05

-continued

<210> SEQ ID NO 133

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 133

Tyr Asn Pro Thr Arg Leu His Ser
1 5

<210> SEQ ID NO 134

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (8)..(8)
223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 134

Tyr Ser Trp Val Ala Arg Gly Xaa
1 5

<210> SEQ ID NO 135

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 135

Gly Trp His Ala Met Phe Arg Lys
1 5

<210> SEQ ID NO 136

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 136

Ile Phe Glu Ile His Gly Val Asp
1 5

<210> SEQ ID NO 137

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 137

Ile His Asp Val Leu Leu Arg Pro
1 5

<210> SEQ ID NO 138

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 138
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-continued

Ile Trp Tvr Val Gln Thr Ala Asp
1 5

<210> SEQ ID NO 139

<211l> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 139

Leu Phe Asn Ala Met Thr Trp Pro
1 5

<210> SEQ ID NO 140

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 140

Met Leu Lys Asp Asp Met Gly Xaa
1 5

<210> SEQ ID NO 141

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 141

Asn Pro Thr Arg Leu His Ser Xaa
1 5

<210> SEQ ID NO 142

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 142

Pro His Asp Val Met Gly Ser Arg
1 5

<210> SEQ ID NO 143

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (6)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 143

Gln Asn Lys His Ala Xaa Xaa Xaa
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-continued

<210> SEQ ID NO 144

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (7)..(8)

<223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 144

ser Trp Val Ala Arg Gly Xaa Xaa
1 5

<210> SEQ ID NO 145

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 145

Thr His Asn Ala Gly Met Ser Phe
1 5

<210> SEQ ID NO 146

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 146

Trp Leu Asn Thr Ser Arg Gln Ala
1 5

<210> SEQ ID NO 147

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 147

Trp Asn Asp Val Asp Gly Gly Xaa
1 5

<210> SEQ ID NO 148
<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

«222> LOCATION: (1) .. ({(2)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 148

Xaa Xaa Asp Gly Ile Tyr Arg Met
1 5
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-continued

<210> SEQ ID NO 149

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (1) .. (3)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 149

Xaa Xaa Xaa Gly Ala Ser Thr Ser
1 5

<210> SEQ ID NO 150

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (1) .. ({(3)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 150

Xaa Xaa Xaa Agsn Hig Gln Leu Ala
1 5

<210> SEQ ID NO 151

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (1) .. (3)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 151

Xaa Xaa Xaa Tyr Glu Gln Thr His
1 5

<210> SEQ ID NO 152

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 152

Tyr Ala Asp Ser Ser Glu Trp Xaa
1 5

<210> SEQ ID NO 153

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 1523

Ala Met Met Lys Ile Gly Glu Val
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-continued

<210> SEQ ID NO 154

<211l> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 154

Ala Met Phe Arg Lys Tyr Pro Ile
1 5

<210> SEQ ID NO 155

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

<223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 155

Asp Gln Val Arg Arg Met Asn Xaa
1 5

<210> SEQ ID NO 15¢

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (6)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 156

Asp Ser Ser Glu Trp Xaa Xaa Xaa
1 5

<210> SEQ ID NO 157

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 157

Phe Arg Ile Arg Ser Gly Thr Xaa
1 5

<210> SEQ ID NO 158

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 158

Phe Thr Gln Arg Ala Gly Ile Leu
1 5
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<210> SEQ ID NO 159

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 159

Gly Glu Asp Arg Asn Thr Phe Tyr
1 5

<210> SEQ ID NO 160

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 160

Gly Ile Tyr Arg Met His Val Gln
1 5

<210> SEQ ID NO 16l

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 161

Met Phe Leu Arg Glu Lys Gln Tyr
1 5

<210> SEQ ID NO 162

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 162

Pro Val Ser Arg Gly Leu Tyr Phe
1 5

<210> SEQ ID NO 163

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (6)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 163

Ser Thr Thr His Trp Xaa Xaa Xaa
1 5

<210> SEQ ID NO 164

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 164
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Ser Tyr Glu Lys Gln Arg Phe His
1 5

<210> SEQ ID NO 165

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 165

Thr Ala Phe Arg Ser Arg Tyr His
1 5

<210> SEQ ID NO 166

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (1).. (1)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 166

Xaa His His Phe Thr Gln Arg Ala
1 5

<210> SEQ ID NO 167

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: misc feature

222> LOCATION: (1) .. (1)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 167

Xaa Pro Ser Phe Asn Met Tvyr Gly
1 5

<210> SEQ ID NO 168

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 168

Ala Gln Leu Arg Ile Gln Asn Arg
1 5

<210> SEQ ID NO 169

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 169
Ser Leu Tyr Arg Met Ile Arg Gln

1 5

<210> SEQ ID NO 170
<«211> LENGTH: 8
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<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 170

Phe Gln Glu Ser Met Leu Asp Ile
1 5

<210> SEQ ID NO 171

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 171

Met Leu Asn Ile His Phe Lysg Phe
1 5

<210> SEQ ID NO 172

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 172

Pro Met Phe Val Lys Ile Ser Thr
1 5

<210> SEQ ID NO 173

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (7)..(8)

223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 173

Arg Leu Trp Ile His Lys Xaa Xaa
1 5

<210> SEQ ID NO 174

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (8)..(8)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 174

Arg Thr Glu His His Ala Met Xaa
1 5

<210> SEQ ID NO 175

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 175
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Asp Gln Pro Val Ser Arg Gly Leu
1 5

<210> SEQ ID NO 176

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (8)..(8)

<223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 176

Phe Lys Pro Thr Gly Pro Met Xaa
1 5

<210> SEQ ID NO 177

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 177

Phe Gln Glu Ser Met Leu Asgp Ile
1 5

<210> SEQ ID NO 178

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 178

Asn Lys Arg Ile Ser Gln Trp Met
1 5

<210> SEQ ID NO 179

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 179

Arg Thr Ile Val Asn His Xaa Xaa
1 5

<210> SEQ ID NO 180

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 180

Pro Leu Gly Lys Gln Val Glu Tyr
1 5
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The 1nvention claimed 1s:

1. A method for 1dentifying a subject having a NETosis-
related intflammatory condition, wherein NETosis 15 Neu-
trophil cell death forming Extracellular Traps, comprising;

(a) determining information on NET-associated protease

content from a sample from the subject, wherein the

protease 1s selected from the group consisting of neu-
trophil elastase (NE), cathepsin G (CG), proteinase 3

(PR3), and neutrophil secreted protein 4 (NSP4);

(b) comparing the level of NET-associated protease con-
tent with that of a comparable sample from a healthy
subject;

(c) 1dentitying the subject as having a NETosis-related
inflammatory condition when the level of the NET-
associated protease content of the sample 1s greater
than that of the comparable sample from the healthy
subject; and

(d) treating the NETosis-related imnflammatory condition
comprising administering to the subject a protease
inhibitor, wherein the protease inhibitor inhibits cleav-
age of peptide substrate comprising a sequence selected
from the group consisting of SEQ ID NOs. 1-180.

2. The method of claim 1, wherein the sample 1s a blood

sample.

3. The method of claam 1, wheremn the iflammatory

condition 1s selected from the group consisting of infection,

10

15

20

25

34

systemic lupus erythematosus, rheumatoid arthritis, cystic
fibrosis, deep vein thrombosis, pre-eclampsia, periodontitis,
appendicitis, tuberculosis, and Crohn’s disease.

4. The method of claim 1, wherein treating comprises
further administering to the subject a steroid or non-steroidal
anti-inflammatory drug.

5. The method of claim 1, wherein treating comprises
further administering to the subject an antibiotic.

6. The method of claim 1, wherein obtaining information
comprises obtaining a sample from the subject.

7. The method of claim 1, wherein obtaiming information
comprises performing protease content measurement on the
sample.

8. The method of claim 7, wherein the protease content
assessment 1s determined by enzyme-linked immunosorbent
assay (ELISA), mass spectrometry, chromatography, elec-
trophoresis, radioimmunoas say, flow cytometry, fluores-
cence activated cell sorting (FACS), or western blotting.

9. The method of claim 8, wherein the protease content
difference between the sample and the comparable sample 1s
+10%, +20%, +25%, +30%, +40%, +50%, +75% or +100%.

10. The method of claim 1, wherein the subject 1s a
human.

11. The method of claim 1, wherein the subject 1s a
non-human mammal.
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